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	 The	 Navajo	 Nation	 also	 known	 as	 Diné	 Bikéyah	 (Fig.1.1),	 is	 located	 in	 the	
southwest	 United	 States.	 It	 extends	 to	 parts	 of	 Arizona,	 New	 Mexico	 and	 Utah.	 It	 is	
approximately	27,000	square	miles	1	and	 is	home	to	more	than	300,000	tribal	members	2	





In	 1948	 the	US	 government	 offered	money	 for	 uranium	ore	mined	 in	 the	US,	 this	
created	a	mining	boom	in	the	southwest	that	also	included	the	Navajo	Reservation.	During	
the	 late	 1960s,	 the	 value	 of	 uranium	and	 the	 demand	 for	 it	 decreased	which	 resulted	 in	
these	mines	being	shut	down.	Many	Navajo	people	have	been,	and	continue	to	be,	exposed	
to	 uranium	 and	 other	 metals	 through	 the	 legacy	 of	 uranium	 mining.	 More	 than	 1100	
abandoned	 Cold	 War	 uranium	 waste	 sites	 remain	 within	 Navajo	 communities,	 and	
numerous	wells	exceed	maximum	contaminant	levels	for	uranium	and	other	metals	such	as	
arsenic,	 lead	and	 selenium.	4	The	Dept.	 of	Energy	and	EPA	are	 currently	 attending	 to	 the	
cleanup	 of	 uranium	 contaminated	 sites	 by	 relocating	 the	 contaminated	 soils	 to	 an	





Figure 1. 1 Navajo Reservation 48 































































































Figure 1.3 Eh-pH diagram for uranium at 1M conditions. 



















Figure 1.5 Eh-pH diagram for U-Carbonate system 





































U3O8	+	2H2	===>	3UO2	+	2H2O			or	 	 	 	 	 	 	 	 (2)	
UO3	+	H2	===>	UO22+	+	H2O			or			 	 	 	 	 	 	 	 (3)	









UO2	+	4HF	===>	UF4	+	2H2O		 	 	 	 	 	 	 														(5)	

































































































Acid	stripping	 is	 the	primary	method	of	extracting	 immobilized	metals	 from	SPCs.	
Without	the	acid	strip,	metals	can	remain	on	the	SPC	and	can	be	used	as	a	medium	for	long-
term	 disposal.	32These	 composites	 have	 been	 previously	 found	 to	maintain	 activity	 over	
more	than	7000	test	cycles	that	consist	of	treating	a	packed	column	of	SPCs	with	a	metal	
ion	 solution	 and	 then	 acid	 stripping.	 These	 composites	 showed	 no	 visible	 signs	 of	



















vital	 to	 an	 effective	 remediation	 processes.	 Other	 investigators	 have	 also	 developed	
uranium	selective	ligands	such	as	murexide	that	have	been	shown	to	have	good	adsorption	
of	 U(VI)	 over	 a	 wide	 pH	 range.	 38	 Jung	 et.al	 demonstrated	 that	 carboxymethylated	
polyethyleneimine	(CMPEI)	could	be	an	effective	polyamine	for	removal	of	trace	uranium	
concentrations.	 42Kanatzidis	 et.al	 used	 a	 thin-layered	 sulfide	 ion	 exchanger	 K2MnSnS6	
(KMS-1)	 to	show	affinity	and	selectivity	 for	UO22+	 ion.	43There	are	numerous	examples	of	
















































































Acid Washed and Humidified
 Amorphous Silica Gel
CH3SiCl3   :  ClCH2CH2CH2SiCl3
     7.5                      1.0
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Figure 2.1 Synthesis of SPC materials 


























































































Element	 Result	 mmol/g	 Literature	37	
Carbon	 11.35%	 9.44	 10.0	
mmol/g	
Hydrogen	 3.39%	 33.6	 29.9			
mmol/g	
Nitrogen	 2.05%	 1.46	 1.58			
mmol/g	
Phosphorus	 5.12%	 1.65	 1.79			
mmol/g	
N/P	 	 0.88	 0.88	
	 	 	 	
Eu	Capacity	(<250μm)	 66.0	mg/g	 0.43	 50	mg/g	




































































































































































































































Ca2+	 0.397	 Mg2+	 0.718	 Se	 0.203	
Cl-	 0.702	 Na+	 2.33	 U	 4.38	
HCO3-	 1.69	 SO4-2	 11.4	 	 	









Ca2+	 0.326	 Mg2+	 1.29	 Se	 0.752	
Cl-	 4.133	 Na+	 4.67	 U	 0.189	
HCO3-	 0.371	 SO4-2	 12.7	 	 	






































































































































































































































































































Figure 3.7 Breakthrough Column [U]=1000 ppm + [NO3-]=2000ppm,  pH 7 
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